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Introduction

35
Carotenoids are found mostly in green leafy and yellow-coloured vegetables and orange- Hill, NSW, Australia) and were of analytical or HPLC grade. Lutein, zeaxanthin and β-130 cryptoxanthin, astaxanthin and β-carotene were purchased from Extrasynthese (Genay, 131 France). Milli-Q water was used throughout unless otherwise stated. (Lim, Garg, Timmins, Zhang, Thomas-Hall, Schuhmann, et al. 2012) .
142
Phaeodactylum tricornutum, and Dunaliella tertiolecta were supplied by CSIRO's collection and EF537907.1; respectively). Pure cultures were obtained and 18S rDNA sequencing was 145 carried out as described previously (Lim et al. 2012; respectively) . Microalgal cultures were 146 inoculated from master cultures in 250 mL flasks with F/2 media (AlgaBoost TM F/2 2000x).
147
When they reached the late exponential growth phase (doubling times were twice as long as 148 during highest exponential growth), the cultures (100 mL) were centrifuged, the supernatant was decanted and the remaining biomass was washed in MilliQ water before freeze-drying.
150
The freeze-dried samples were kept at -20°C until extraction. The carotenoid extraction was based on a previously published method (Fanning et al., 2010) 155 with slight modifications. The samples were crushed using a mortar and pestle and then 156 weighed (10-60 mg) into 50 mL Falcon tubes. The samples were then kept on ice throughout 157 the extraction. A total of 10 mL acetone was added to the samples followed by vortexing.
158
Then, 10 mL hexane and 5 mL 10% NaCl were added. The mixture was vortexed and then
159
centrifuged at 3000 x g at 4°C for 3 min. The top layer of the supernatant was then transferred 160 to another Falcon tube and another 10 mL hexane was added followed by vortexing. The 161 process was repeated until the supernatant became colourless. The combined hexane fractions
162
were then dried in a centrifugal evaporator prior to being reconstituted in 2.5 mL 163 methanol/dichloromethane (50/50, v/v) for HPLC analysis.
165
The HPLC-PDA analysis was undertaken as previously described (Fanning et al., 2010) The freeze-dried samples were crushed using a mortar and pestle and then weighed (10-100 189 mg) into 50 mL Falcon tubes. The samples were then stored on ice throughout the extraction.
190
Extractions were conducted separately by addition of 10 mL water, hexane or ethyl acetate.
191
The mixture was vortexed and then centrifuged at 3000 x g in 4°C for 10 min. The For measuring the reducing capacity of the microalgal samples, the total phenolic assay by Harwat, Bohm, & Bitsch, 2002 For measuring the radical absorbance capacity, the oxygen radical absorbance capacity
208
(ORAC) assay as described by Huang, Ou, Hampsch-Woodill, Flanagan, & Prior (2002) 
Statistical analyses
220
The data for total carotenoids, phenolics and antioxidant capacity (ethyl acetate, hexane, and 221 water extracts) of the twelve microalgae strains were compared by one-way ANOVA and highest total phenolic contents in the current study were found in the ethyl acetate extracts.
330
The current study, however, confirmed very low total phenolic levels (<5 mg GAE/g DW),
331 similar to the 23 microalgal strains studied by the previously mentioned authors. The low 332 total phenolic contents might be due to the culture conditions as no oxidative or other stress 333 was provided that might trigger the production of more phenolic compounds as described in
334
Spirulina platensis (Kepekçi & Saygideger, 2012) .
336
The ORAC assay is considered more biologically relevant than diphenylpicrylhydrazyl
337
(DPPH) and other similar protocols and is especially useful for extracts when multiple 338 constituents co-exist and complex reaction mechanisms are involved (Huang et al., 2005) .
339
The antioxidant capacity in the species studied was higher than the ones reported previously 
Conclusion
352
Most of the commercially important carotenoids were found in microalgae from Australia 353 which also exhibited a high oxygen radical absorbance capacity comparable to some fruits,
354
indicating their potential for further studies to enhance production of bioactive compounds.
355
However, there was significant diversity in the carotenoid profiles and contents between the 
546
• Tetraselmis suecica and Dunaniella salina were the highest carotenoid producers.
547
• Total phenolics contents in microalgae were relatively low.
548
• Antioxidant capacity was comparable or higher than in plants.
549
• Carotenoid accumulation should be further induced by biotic or abiotic stress.
